Abstract Seasonal variability is a significant source of uncertainty in projected changes to precipitation across southeastern Australia (SEA). While existing instrumental records provide seasonal data for recent decades, most proxy records (e.g., tree rings, corals, speleothems) offer only annual reconstructions of hydroclimate. We present the first cool-season (July-August) reconstruction of dam inflow (Lake Burbury) for western Tasmania in SEA based on tree-ring width (Athrotaxis selaginoides) and mean latewood cell wall thickness (Phyllocladus aspleniifolius) chronologies. The reconstruction, produced using principal component regression, verifies back to 1731 and is moderately skillful, explaining around 23% of the variance. According to the reconstruction, relatively low inflow periods occurred around 1860, the early 1900s and 1970, while relatively high inflows occurred in the 1770s and 1810s. Highest reconstructed inflows occurred in 1816, and lowest in 1909. Comparison with available documentary and instrumental records indicates that the reconstruction better captures high rather than low flow events. There is virtually no correlation between our reconstruction and another for December-January inflow for the same catchment, a result consistent with the relationship between seasonal instrumental data. This suggests that conditions in one season have not generally reflected conditions in the other season over the instrumental record, or for the past 277 years. This illustrates the value of obtaining reconstructions of regional hydroclimatic variability for multiple individual seasons in regions where dry and wet seasons are not strongly defined. The results also indicate that the hydroclimate of the southeastern Australian region cannot be adequately represented by a single regional reconstruction.
Introduction
Australia's climate is one of the most variable in the world, and both drought and flooding rains have long captivated poets (e.g., McKellar's ''I Love A Sunburnt Country'', Hartigan's ''Said Hanrahan'') and climatologists [e.g., Allen, 1895; Nichols, 2010; Larsen and Nichols, 2009; Verdon-Kidd and Kiem, 2009; Power and Callaghan, 2016, amongst many others] . However, instrumental records that typically span less than 100 years do not capture the full range of natural variability inherent in the Australian hydroclimate, particularly at decadal to centennial time scales. As climate changes, the need to better understand long-term hydroclimatic variability in Australia, including the occurrence of extreme events like drought and flood, has become increasingly pressing . To this end, a number of annually resolved Australian palaeohydrological records have been published over the past two decades [e.g., Isdale et al., 1998; Cullen and Grierson, 2009; McGowan et al., 2009; Lough, 2011; Gallant and Gergis, 2011; Gergis et al., 2011; Vance et al., 2014; Allen et al., 2015a; Ho et al., 2015; Tozer et al., 2016] . Most recently, Palmer et al. [2015] have captured spatial and temporal variability in the summer hydroclimate over much of eastern Australia for the past 500 years. However, almost all previous reconstructions for southeastern Australia [i.e., McGowan et al., shown on the map of Australia. Major west Tasmanian catchments used to generate hydroelectricity and tree ring sites shown on map of Tasmania. Most southern catchment is Gordon, next is Burbury (pink) for which inflows have been reconstructed, then Murchison and Mackintosh make up the two parts of the most northern catchment. Tree-ring width sites (solid triangle), the TNE latewood cell wall thickness chronology (sloid square), and dam inflow measurement sites (solid circle) are also shown. Lake Burbury inflow measurement site is larger circle. Location of main rivers flowing through catchments shown; the King River flows into, and out of the Lake Burbury catchment. Data used in map of Tasmania are courtesy of Hydro Tasmania.
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An atmospheric blocking dipole system is composed of a quasi-stationary anticyclone to the south of the subtropical ridge (STR) and a cutoff cyclone to the north. The quasi-stationary anticyclone represses rainfall over part of southern Australia (e.g., Tasmania's west coast) while the cutoff cyclone can be responsible for very heavy falls along the eastern seaboard [Risbey et al., 2009; Pook et al., 2013] . These systems have greatest influence on west Tasmanian rainfall in the autumn-spring months [Risbey et al., 2009 ]. SAM's main impact on west Tasmanian precipitation occurs mainly from winter to summer [Risbey et al., 2009] , and it also has an important influence on precipitation in more northern parts of SEA in the spring and summer months. ENSO's widespread impact on Australian precipitation is well known [McBride and Nicholls, 1983; Allan, 1988] ; however, its strongest impacts are generally on eastern Australia in the spring months. However, ENSO is not independent of other ocean-atmosphere processes such as the IOD [Meyers et al. 2007] , IPO, and SAM [Pezza et al., 2012] . After removing the influence of the IOD, ENSO has its greatest influence on precipitation across northeastern Australia and eastern Tasmania in the cooler months of June-October [Risbey et al., 2009] . The low-frequency IPO modulates the impact of ENSO on SEA rainfall and its positive phase is associated with anomalously dry conditions while its negative phase is associated with higher precipitation over SEA [Power et al., 1999] . The IOD's strongest relationship with precipitation, independent of ENSO, occurs for a band of Australia extending from the northwest to the southeast including Victoria and the northern part of Tasmania from June-October [Risbey et al., 2009] . Finally, the intensity of the subtropical ridge (STR) has been noted to have important effects on winter precipitation in southern Australia .
Verdon-Kidd and Kiem [2009] argue that several of these drivers of precipitation have been differentially associated with the three major droughts of the past 100 years, each of which had a distinct seasonal and spatial footprint. The Federation Drought (1895-1902) exhibited spring-summer deficits and was associated with ENSO and the IPO [Verdon-Kidd and Kiem, 2009] . During the World War II (WWII) drought (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) (1945) , precipitation deficits were observed in all months, but the winter-spring deficits are consistent with the IOD being an important driver of this drought [Verdon-Kidd and Kiem, 2009] . Most recently, the Millennium Drought (or Big Dry, 1997 -2009 , in which precipitation deficits were experienced in the autumn and early winter months, appears to have been driven by SAM [Murphy and Timbal, 2008; Verdon-Kidd and Kiem, 2009] .
While regional drought conditions may provide a general indication of the hydroclimatic state, water resource managers are also interested in direct measures, such as streamflow, of the water moving into specific catchments. To date, relatively few streamflow reconstructions based on tree-rings have been developed in temperate regions for which precipitation is not strongly seasonal [but see, for e.g., Lara et al., 2008; Mundo et al., 2012] , with most being for arid, semi-arid or Mediterranean climates. While long-term information is clearly required in these regions, there is also an urgent need for it in temperate areas that are heavily dependent on water resources, such as SEA. Not only is the area densely populated, but the MurrayDarling Basin (MDB; Figure 2 ) is a region of major agricultural importance for Australia. Furthermore, almost all of Australia's renewable hydroelectricity is generated in SEA and Tasmania produces 60% of this. Although large impoundments in western and central Tasmania are used to generate hydroelectricity and supply water for agriculture and recreational purposes, water-intensive industries such as agriculture and hydroelectric production remain particularly vulnerable to extreme events such as drought or flood. This has recently been demonstrated by the very dry spring-autumn of 2015-2016 followed by severe flooding in June 2016 (http://www.energybusinessnews.com.au/business/infrastructure-news/no-end-in-sight-to-tassie-power-crisis/;
http://www.abc.net.au/news/2016-06-09/mounting-tasmanian-damage-bill-feared-asfloodwaters-subside/7494504). Although model projections suggest that SEA will be increasingly subject to severe droughts and floods [Hope et al., 2015] , considerable uncertainty surrounding these projections exists, particularly in relation to seasonal changes [Chiew et al., 2011; Hope et al., 2015] . Long palaeoproxy records can help to better place current conditions in a long-term context, and can also be used to improve calibration of climate models and hence reduce some of the uncertainty that currently exists around hydroclimate projections for SEA. However, to date most hydroclimatic reconstructions provide annual, not seasonal, records, limiting inference about how various climate drivers have interacted over long time scales to influence the distribution and amount of precipitation.
To partly address the lack of long and specifically seasonal records for SEA, Allen et al. [2015a] developed a reconstruction of December-January (early summer) hydroclimate for western Tasmania where several Water Resources Research 10.1002/2016WR018906 large impoundments are located. Based on this reconstruction, it was found that recent summer conditions were well within historical variability and several periods of more prolonged and severe dry conditions have occurred in the past [Allen et al., 2015a] . This reconstruction did not, however, provide any information about the cool season, the period of the year during which the highest proportion of precipitation falls in western Tasmania. As such, a multicentennial cool season hydroclimate reconstruction would be particularly useful for understanding potential variation in water inflows into west Tasmanian catchments. For regions such as SEA that have quite strongly seasonally defined drivers of precipitation, a more detailed seasonal understanding of interseasonal variability in water availability over decades and centuries is critically important for developing resilient water management strategies and guiding policies and investment across many sectors of the economy [see Holz et al., 2010] . Therefore, hydrological reconstructions for multiple seasons will be enormously important in developing risk-based management tools for both agriculture and hydroelectricity production.
Here we present a tree-ring reconstruction of July-August dam inflows for Lake Burbury in western Tasmania using a mixture of new wood properties and ring width chronologies. This reconstruction complements our recent December-January inflow reconstruction for the same region [Allen et al., 2015a] , thus enabling a comparison of cool and warm season hydroclimate over the past three centuries for western Tasmania. We also consider the degree to which our Tasmanian hydroclimate reconstruction matches recent hydroclimatic reconstructions for the agriculturally important MDB.
Materials and Methods
Exposed to the ''Roaring 40s'' winds, the mountainous western part of Tasmania typically receives up to 3 m of rain per year compared to the average 500-600 mm experienced on the eastern side of the island. As a consequence, several major water impoundments, primarily for the generation of renewable hydropower, have been constructed in the much wetter west. At approximately 556 km 2 , Lake Burbury, located in the central west of Tasmania, lies between other major impoundments such as Lakes Gordon and Pedder to the south and Lakes Mackintosh and Murchison to the north (Figure 2 ). The construction of a dam over the King River in the late 1980s led to the formation of Lake Burbury. Tributaries from 11 rivers and creeks that originate in the Tasmanian World Heritage Area flow into the King River, and hence, Lake Burbury.
The King River streamflow gage directly measured flows into the basin from 1924 until 1990 after which changes in lake level and power station flow and spill have been used to directly estimate inflow. As a result, Lake Burbury has the longest and highest quality inflow record available for western Tasmania. Because of the size of Lake Burbury, the high-quality inflow data, and strong indications that flows in west Tasmanian catchments are closely related to one another other [Allen et al., 2015b] (supporting information Figure S1 ), we have focused our reconstruction efforts on inflow to Lake Burbury. Although the King River gage began operation in 1924, associated metadata indicate that the first 20 years of the record for winter months) were generally low quality. A comparison with catchment-wide precipitation (Australian Water Availability Project AWAP 26h) [Jones et al., 2009a] likewise indicated a weak relationship prior to 1942 (data not shown). As a consequence, we have limited our analyses to the high-quality data from 1942 to the present for our model calibration and verification. A July-August (JA) streamflow index for western Tasmania (1942 Tasmania ( -2007 based on the average standardized scores of five rivers (supporting information  Table S1 ) is also strongly associated with Lake Burbury inflows and King River streamflows (supporting information Figure S1 ).
We used a pool of 39 Tasmanian tree-ring chronologies (supporting information Table S2 and Figure S2 ) as potential predictors of inflow. These chronologies are based on ring width or other wood properties and come from four key species: Athrotaxis cupressoides, Athrotaxis selaginoides, Phyllocladus aspleniifolius, and Lagarostrobos franklinii. The wood properties chronologies included density, cell wall thickness, tracheid radial diameter, and microfibril angle. These wood properties were measured using Silviscan3, a fastassessment and high-resolution technology previously developed to characterize cellular scale variation in wood structure [Evans, 1994] . Density and cell diameter were measured at 25 lm intervals and cell wall thickness calculations derived from these two properties. Microfibril angle, the orientation of cellulose microfibrils in the secondary cell wall of wood cells and a sensitive indicator of environmental conditions [Drew et al., 2013] , was measured at 100 lm intervals. In total, Silviscan analyses generated over five million
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measurements that were then integrated into the wood properties chronologies used in the pool of potential predictors. Critically for this winter reconstruction, we have now been able to include mean earlywood and latewood properties chronologies (for density, cell diameter, cell wall thickness) in our pool of potential predictors. These earlywood and latewood properties were not available when our December-January reconstructions [Allen et al., 2015a] were developed, and we expected that they might contain information more applicable to the early or late growing season for each species. Standardization of tree-ring series aims to remove biological variability from tree-ring series. Density and cell wall thickness series were standardized using a negative exponential/regression line and both tracheid radial diameter and mirofibril angle series were standardized using the Friedman supersmoother [Friedman, 1984] . An age-dependent smoothing spline was used to standardize ring width series [Melvin et al., 2007] . We found that these standardization options resulted in the least trend distortion overall for the respective wood property types from these sites. All were standardized within a signal-free framework [Melvin and Briffa, 2008] and chronologies produced using residuals [Cook and Peters, 1997] . All of the chronologies spanned at least the AD1800 to 2007 period and only those portions of chronologies that contained at least five samples and had an Expressed Population Signal (EPS) [Wigley et al., 1984] 0.8 were used in our reconstructions. Details of individual ring width chronologies can be found in Buckley et al. [1997] and Allen et al. [2001 Allen et al. [ , 2011 Allen et al. [ , 2015b and further details on the development of wood properties chronologies can be found in Drew et al. [2013] .
We used a principal components regression approach [Cook et al., 2013] to reconstruct Lake Burbury JulyAugust (JA) dam inflow. Both the tree-ring predictors and inflow data were prewhitened (autoregressively modeled) to ensure observations in both series were independent of one another prior to testing for relationships with inflow. All potential tree-ring predictors were then screened using a two-tail test, and only those significantly correlated with dam inflow (p <0.1) were passed to the principal component regression (PCR) stage of the analysis. Autoregression was added back into the final reconstruction. We did not use lagged predictors in this analysis because we are reconstructing winter, not summer inflows and previous work has found significant lagged relationships only with the prior summer [Allen et al., 2001 Buckley et al., 1997; Drew et al., 2013] . The minimum Akaike Information Criterion (AIC) criterion was used to select the number of principal components used in the reconstruction regression model [see Cook et al., 1999] .
The maximum entropy bootstrap which preserves the persistence structure present in the data [Vinod and L opez-de-Lacalle, 2009 ], was applied to both the tree-ring predictors and inflow (streamflow index) series prior to predictor selection, prewhitening and regression [see Cook et al., 2013] , enabling production of 300 replicates of the reconstruction. This bootstrapping process produced an empirical probability distribution for each year, permitting estimation of uncertainty for each year in the reconstruction. The inflow reconstruction shown is based on the median of the boostrapped estimates. A further benefit of the bootstrapping process is that semiparametric uncertainty estimates for the calibration/verification statistics can also be calculated [Cook et al., 2013] .
We used the longer 1963-2007 period for model calibration and withheld the 1942-1962 period for verification purposes. We used this longer calibration period in order to capture as much of the range of variability in the calibration period as possible to try to avoid the ''no-analogue problem'' [Fritts and Swetnam, 1989] . The calibrated models were assessed using R 2 (CRSQ), the classical measure of the goodness of model fit in regression models, and the cross-validation reduction of error (CVRE) calculated using a leave-one out procedure. For the verification period, Pearson's R 2 (VRSQ) provided a measure of the goodness of model fit, and the reduction of error (VRE) and coefficient of efficiency (VCE) were used to assess whether the calibrated model verified. Both VRE and VCE range between 21 and 1 and any positive value of these statistics indicates model skill. The coefficient of efficiency (VCE) is the most rigorous of these statistics. More detail about these commonly utilized statistics can be found in Cook et al. [1999] . A nonparametric sign test was also applied to further assess interannual agreement between the Hydro inflow data and the reconstruction. We did this in two different ways. First, we examined whether the anomalies of the two series were on the same side of the mean. Second, we examined whether the sign of first differences for each year was the same for both series.
To place our reconstruction in a broader geographical context, we also identified the spatial extent of relationships between Tasmanian flow data (Lake Burbury inflow and the west Tasmanian streamflow index) and mainland Australian streamflow. We selected mainland streamflow records extending back to at least Figure 2 ). Unfortunately, a lack of reference stations further inland (www.bom. gov.au) meant we were unable to test relationships between Tasmanian flow records and streamflow in the more arid interior of the MDB. We also examined the relationship between both the Lake Burbury inflow data and the inflow reconstruction and each of: gridded GPCCv7 precipitation, mean sea level pressure (MSLP; 20th Century reanalysis), and sea surface temperature (20th Century reanalysis). These analyses were done with Climate Explorer (https://climexp.knmi.nl) [Trouet and van Oldenborgh, 2013] .
We compared our verified reconstruction with three phenomena previously linked with west Tasmanian winter precipitation and streamflow [Risbey et al., 2009; Allen et al., 2015b] : the SAM, IOD, and STR. The seasonal Fogt index for SAM [Jones et al., 2009b] [England et al., 2006] , it has not been explored for southeastern Australia. We therefore also examined the relationship between this index and our reconstructions (data sourced from https://climexp.knmi.nl).
The Inflow Reconstruction
Only three tree-ring chronologies from western Tasmania were selected as predictors in the verified dam inflow reconstruction ( Figure 2 and Table 1 ). The predictors included Mt Read (MRD) and Reservoir Lakes (RL), both Athrotaxis selaginoides tree-ring width sites, and Tyenna Phyllocladus aspleniifolius (latewood cell wall thickness; TNELWWT; see Table 1 ). Allen et al. [2001 Allen et al. [ , 2011 Allen, 2002] have previously noted strong relationships between some tree-ring sites and winter climate for both Phyllocladus aspleniifolius and Athrotaxis selaginoides, but the same has not been found for Lagarostrobos franklinii or Athrotaxis cupressoides [Buckley et al., 1997; Allen et al., 2011] . The selection of the above sites is therefore consistent with previous evidence of cool season relationships in these species at some sites. It is worth noting that neither of these ring-width series were selected as predictors in the previous December-January reconstruction [Allen et al., 2015a] . Correlations between individual predictors for the JA reconstruction and inflow are moderate, varying between |0.289| and |0.358| (Table 1 ). The relative influence of each chronology included in an individual reconstruction can be captured as a percentage of the sum of the absolute values of the beta weights of all predictor chronologies used in that reconstruction [Frank and Esper, 2005] . Here, influence is heavily weighted toward the TNE LWWT chronology (57.5%; Table 1 ).
While the point estimate for VCE > 0 from 1710, the interval estimate of VCE only exceeded 0 after 1731 ( Overall, the reconstruction indicates that JA inflows for the last two decades are well within the variability of the past 277 years (Figures 3b and 3c) . The reconstruction indicates periods of low inflows in the 1860s, early1900s, and around 1970 (Figures 3a and  3b ), but relatively high inflows in the 1770s and 1810s. After 1850, greater decadal frequency variability in the series is apparent (Figure 3c ) although this is not strongly indicated in the series wavelet (Figure 3d ). In addition, there are no peaks of the same magnitude as those centered on the 1770s and 1810s after the 1810s (Figure 3c ). An examination of median inflow and variability in the reconstruction for successive 25 year periods indicates median inflow for each quarter-century was close to the long-term median inflow (Figure 4 ). Variability was generally higher from about 1825-1925 than for other periods. In general, the number of positive outliers is greater than the number of negative outliers. Streamflow data are commonly positively skewed, especially for short intervals of time, so a greater number of positive outliers for a period that covers two calendar months is not surprising. Inflows in the first quarter of the 20th century were distinctly negatively skewed due to the low reconstructed flows in 1909 (see below). Interestingly, median inflows for the last two 25 year periods of the 20th century (and the shorter 7 year period since 2000) were below the long-term median (Figure 4 ).
Although the moderate explanatory power of our reconstruction means analysis of low-frequency variability is more likely useful than analysis at the interannual level, a brief examination of how extreme flow years align with documentary or instrumental records may help highlight relative strengths and weaknesses of the reconstruction. The five highest single-year JA inflow events in the reconstruction (starting with the wettest) are: 1816, 1776, 1828, 1745, and 1964 whereas the five wettest years in the instrumental record (starting with wettest) are : 1946, 1970, 1964, 1992, and 1955 . Two of the wettest years in the reconstruction occur the year after major volcanic eruptions (1816 and 1964) and additional discussion of this is contained in the supporting information and references therein (S4) Buckley et al., 2010; Chenoweth, 1996; Gao et al., 2008; Jiayu, 1992; Oppenheimer, 2003; Palmer and Ogden, 1992; Schmidt et al., 2011; Trigo et al., 2009; Villalba and Boninsegna, 1992; Wilson, 1992] . This discussion includes the results of a superposed epoch analysis using sea function in dplR [Bunn et al., 2015] . The five lowest reconstructed inflow events (starting with the driest) are : 1909, 1954, 1935, 1868, and 1919, compared with 1957, 1950, 1982, 1989, and 1987 in the instrumental record. Using the information from the hat matrix [Haoglin and Welsh, 1978] , we identified the wettest (1816) and driest (1909) reconstructed years as extrapolations because the lower confidence limit for these years based on the 300 reconstructions exceeded the threshold for extrapolation. Although this reflects the fact that the 1963-2007 calibration period did not include individual years with conditions as extreme as those reconstructed for 1816 and 1909, it is encouraging that only inflows for two individual years were extrapolations. Documentary evidence points to unusual climate conditions in 1816 in particular, but also in some of the other key years noted above. The year 1816 was a wet year for the fledging NSW colony (Sydney) further north [Gergis and Ashcroft, 2013] . In June 1816, the Hawkesbury River flooded and in July prolonged gale conditions were responsible for two ships being wrecked and another being forced out to sea for a week [Callaghan and Helman, 2008] . Wet conditions persisted into the summer of 1816/1817 [Fenby and Gergis, 2013; Palmer et al., 2015] . Evans [2012] documented flooding in both the north and south of Tasmania in July-August 1816. Documentary records also indicate that flooding occurred in both northern and southern Tasmania over the 1828 July-September period [Evans, 2012] , and that gales and floods occurred in northern/northwestern Tasmania in July and August of 1964 [Evans, 2012] . The gridded AWAP data [Jones et al., 2009a; www.csiro peaks occur throughout the reconstruction in the 0-8 year band and there is a peak in power at 16 years in the first half of the nineteenth century and a lower-frequency peak from around 1850 to late C20th, although this peak is less robust after 1925 due to edge effects. (Figure 3a) . Near average conditions occurred in 1935 and 1948 (www.csiro.au/awap/). Evans [2012] notes that drought persisted from August to December in 1919 in the state's south, but floods and snow in southern Tasmania were reported for July of 1868. Of the three major droughts experienced in the 20th century (Federation, WWII and the Millennium Drought), only the WWII drought (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) (1945) exhibited relatively large winter precipitation deficiencies in southern Australia, but this drought did not have a pronounced effect on western Tasmania [Verdon-Kidd and Kiem, 2009] . Therefore, none of these three major droughts of the past 110 years provide useful comparisons with our JulyAugust reconstructions. Based on the available evidence presented here, our reconstruction appears to have greater fidelity for extreme wet years than extreme dry years. This contrasts with dendrohydrological studies elsewhere in which dry years/period are better reconstructed than wet years, and is a somewhat unexpected result. The reasoning for the under-prediction of high flows in river flow reconstructions is straight-forward. Tree growth has a saturated response to soil moisture availability; once a tree has adequate moisture, additional moisture will not induce additional growth. Elshorbagy et al. [2016] also point out that trees may not respond to flash floods or high runoff after drought conditions unless soil moisture remains high for extended periods. However, in our results, a narrow ring, or low cell wall thickness in the chronologies is associated with wet conditions, most likely reflecting the mesic environment in which these trees are growing. The heavy cloud cover and low light availability associated with wet conditions in western Tasmania can persist for weeks or months during the cool season and can inhibit photosynthesis [Read and Busby, 1990] . In addition, excess soil moisture may limit oxygen uptake by fine roots and restrict physiological activities of the tree [Ruark et al., 1983; Parent et al., 2008] . Further information regarding the growth response of these trees to climate is clearly needed. High-resolution dendrometer and climate data currently being collected from a number of Tasmanian species will help to better understand the climate response of the Tasmanian trees.
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The Spatial Footprint of the Reconstruction and Relationship With the Murray-Darling Basin
Strong significant relationships between the Lake Burbury inflow (streamflow index) data and selected mainland Australian reference streamflow stations (Figures 5a and 5b ) are consistent with a strong positive relationship between the Lake Burbury inflow data and the gridded GPCCv7 precipitation over the far south of mainland Australia (Figure 5c ), and confirm strong positive relationships between instrumental data sets in these regions. Climatologically, this also makes sense because frontal rain (rain produced by the forcing of warm air over cold air), which is very important for western Tasmania, also accounts for significant precipitation over the Australian Alps and southwestern Victoria . The strong negative relationship between the inflow data and rainfall along the central portion of the east coast (Figure 5c ) is somewhat consistent with two significant negative associations (p < 0.1) between Lake Burbury inflow and streamflow in central coastal NSW (Figure 5a ). ., but with reconstructed Lake Burbury inflow. Plots in Figures (c) -(f) constructed using KMNI data explorer (https://climexp.knmi.nl). All data were first differenced to remove trend prior to calculation of correlations.
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Although the spatial relationship between the reconstruction and SEA precipitation is generally weaker than that between precipitation and the Lake Burbury inflow data, the spatial patterns of the two are remarkably coherent (Figures 5c and 5d ). The inability of our reconstructions to capture the negative relationship between precipitation and inflows over the central east coast of the continent shown in the instrumental data is most likely related to the greater sensitivity of the Tasmanian trees to conditions in Tasmania rather than those farther afield. The patterns shown in Figure 5 suggest that our reconstruction will not be particularly useful as an indication of past winter conditions in the MDB because strong relationships are to the south of the MDB (Figures 5a-5d ). It may, however, be useful for examining long-term flows to the south of the basin. Nevertheless, it is instructive to compare our reconstruction with Gallant and Gergis' [2011] annual Murray River streamflow reconstruction (August-July) and the annual (July-June) reconstruction for the Upper Murray Basin [Ho et al., 2015] . The Lake Burbury inflow reconstruction is generally mismatched with both these reconstructions, and it does not strongly reflect McGowan et al.'s [2009] wetter and drier periods (supporting information Figure S3 ). Nonetheless, all reconstructions indicate wetter than average conditions around 1880 and 1950s and drier than average conditions around 1885 and 1900.
The general lack of fit between our reconstruction and other reconstructions for the River Murray is hardly surprising for two main reasons. First, the MDB region reconstructions are based on MDB flows, and as shown in Figures 5a-5d , strong positive relationships between southern Australia's hydroclimate and our inflow reconstruction extend only as far as the southern boundary of the MDB. This is also the case for the instrumental inflow data. Second, all three other reconstructions have focused on annual flows (albeit for slightly different windows) while our reconstruction is specifically for JA inflows in western Tasmania. The JA Lake Burbury inflow data are not a particularly good reflection of annual inflow to the basin (r 0.57 for both JanuaryDecember and October-September). Different ocean-atmosphere processes that drive seasonal precipitation and significant precipitation in other seasons will be largely responsible for this, as explained briefly in the Introduction and elaborated upon elsewhere [e.g., Hendon et al., 2007; Risbey et al., 2009] . Greater variability in both the Ho et al. [2015] and Gallant and Gergis [2011] reconstructions than in the Lake Burbury reconstruction may also reflect different drivers of precipitation over these areas. For example, several studies have linked the hydroclimate of the MDB region with ENSO and/or the low frequency oscillation of the IPO [Verdon et al., 2004; McGowan et al., 2009; Gallant and Gergis, 2011; Palmer et al., 2015] , whereas there were no significant relationships between either the SOI or IPO and our reconstruction (data not shown). Further, spatial correlations of our reconstruction with MSLP (Figures 5e and 5f ) are not typical of the IPO MSLP signature [Henley et al., 2015] . Instead, the strong negative correlations with MSLP over southern Australia for both the instrumental Lake Burbury inflow data and the reconstructed inflow (Figures 5e and 5f ) are consistent with observations that relationships between MSLP and precipitation in the extratropics are typically negative. The broader pattern (Figures 5e and 5f ) may suggest atmospheric blocking (J. Risbey CSIRO, personal communication 2016) . A third reason for poor relationships with MDB reconstructions may be the moderate strength of all these reconstructions, including our JA reconstruction. Spatial correlations between the inflow reconstruction and SSTs were weak and showed no particular pattern (data not shown).
We found a strong correlation between the JA instrumental inflow data for Lake Burbury and winter SAM (20.58; Table 3 ). Significant, but relatively weak, relationships between the reconstruction and the two STR indices also exist to 20.39; Table 3 ). Correlations with the instrumental data were weaker, but reasonably comparable (20.25 and 20.27 ). Significant relationships between the Lake Burbury reconstruction and each of the SIOD (20.42) There is a general mismatch between the DJ and JA instrumental inflow data (r 5 20.04 summer to winter and 0.11 winter to summer) that is reflected in the DJ and JA Lake Burbury reconstructions (Figure 6a ; r 5 20.08 summer to winter and r 5 20.05 winter to summer). One clear visual example of mismatch in the reconstructions is relatively high winter inflows in the 1770s that do not correspond with relatively high summer inflows (Figure 6a ). However, the generally high winter inflows in the 1810s are somewhat consistent with relatively high summer inflows for the same period (Figure 6a ). Wavelet coherence of the two reconstructions ( Figure 6b) shows periods of significant coherence in the 2-8 year band, primarily before 1800 and then again from the late 1800s into the 20th century. Differences between our two seasonal reconstructions (and the instrumental data itself) for the same region, and suggested changes in the relationship in the frequency domain over time, point to the importance and relevance of seasonal reconstructions when drivers of precipitation differ on a seasonal basis, and when relationships between seasons vary over time. Future work to improve reconstructed flows for SEA will better enable interseasonal comparisons.
Conclusions
Information about low-frequency variability in the hydroclimate of southeastern Australia is sorely needed to help improve water resources management in this heavily populated and important agricultural region. Furthermore, given the seasonal nature of major ocean-atmosphere processes driving precipitation and drought in this region, an understanding of interseasonal variations over long time scales is critically important for planning purposes. This low-frequency information cannot be readily resolved from the short instrumental record. Although hydrological reconstructions based on proxies such as tree-rings in temperate regions are unlikely to explain the levels of variance in arid and semi-arid regions, multiple competing demands for water in these regions makes temperate region reconstructions just as important and urgently needed.
While our reconstruction, the first specifically for the cool season in far southeastern Australia, is preliminary, it is nevertheless a vital step toward the development of robust and seasonally explicit hydrological reconstructions for the region. Our July-August reconstruction suggests that recent winter dam inflows for individual years are well within the range of variability over the last three centuries. However, although the wettest events in the reconstructed record since the 1803 European settlement of Tasmania are well corroborated by multiple historical records, low flow events are not well captured. The lack of strong links between our inflow reconstruction and several Murray River streamflow reconstructions, as well as poor relationships between actual streamflow data for Tasmania and the coastal southeastern mainland north of the Australian Alps, cautions against using a single reconstruction to represent conditions across the whole of SEA. Indeed, it is more fitting to view our reconstruction as complementary to those for the MDB, because it is more strongly related to the area south of the basin, reflecting different impacts of various ocean-atmosphere processes on precipitation over the broader region.
Further improvements in the seasonal reconstructions will facilitate more detailed explorations of changes in the seasonal distribution of precipitation that will be especially pertinent for production of renewable hydroelectricity. Based on our experience, additional ring-width chronologies-at least from the long-lived Tasmanian species-are unlikely to yield the required improvements in tree-ring-based hydrological records for this region. Rather, nontraditional tree-ring chronologies such as tracheid radial diameter, microfibril angle, cell wall thickness, and early/latewood derivatives of these are likely to underlie further improvements in the tree-ring-based hydrological reconstructions for this region. Incorporation of other types of highly resolved but local proxies (e.g., some speleothems can be highly resolved) [Ho et al., 2015] may be another avenue for improvement, albeit a more complex one.
The very dry conditions in Tasmania from spring 2015 to autumn 2016, and decisions made concerning the management of the water resources over this period, highlight the relevance of multicentennial records of seasonal variability. Our preliminary, but seasonally targeted reconstructions for this region where distinct wet and dry seasons do not exist are a critical step towards providing the much-needed multicentennial hydrological records. Dam inflow data for this study are available from Hydro Tasmania and the inflow reconstruction can be obtained from the corresponding author. Tree-ring data used in this reconstruction are archived at the International Tree Ring Data Bank (ITRDB: www.ncdc.noaa.gov). We thank Amy Hessl, Holly Faulstich, Rohan Simkin, and Jason Rijnbeek for assistance in the field. Mark Willis, Hydro Tasmania, provided descriptive data about the catchments used in this study. Ailie Gallant kindly provided the Murray River reconstruction and Wasyl Drosdowsky and Stuart Larsen provided their respective indices of the STRI. We also thank James Risbey for comments on the spatial correlation patterns, and three anonymous reviewers for their thoughtful comments and suggestions that have substantially helped to improve this paper. 
